The mechanisms underlying violence and aggression and its control remain poorly understood. Using the resident-intruder paradigm, we have discovered that resident mice with combined deletion of TNF receptor type 1 (TNF-R1) and type 2 (TNF-R2) genes show a striking absence of aggressive behavior, which includes fighting, sideways postures, and tail rattling. In parallel, resident TNF-R1 and TNF-R2 knockout mice show an increase in non-aggressive exploration of the intruder mice. Given the relationship between aggression and anxiety, we also measured anxiety-related behavior, as reflected by performance in the Open Field and the Light-Dark Choice Test. Compared with wild type mice, TNF-R1 and TNF-R2 deficient mice spent significantly more time and showed increased movement in the center of the Open Field and in the illuminated compartment of the light-dark box, suggesting an anxiolytic-like profile. Together, these data show that combined deletion of TNF-R1 and TNF-R2 results in a striking absence of aggressive behavior, an increase in non-aggressive exploration, and anxiolytic-like effects. These findings identify potent roles for TNF in regulating aggression and anxiety-related behavior, and suggest that TNF receptor signaling tonically modulates activity in brain regions underlying these behaviors.
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Introduction
In recent years, several groups have reported that a positive relationship exists between pro-inflammatory cytokines and aggression/hostility (see Zalcman and Siegel, 2006) . For example, Suarez and colleagues showed in healthy male subjects that scores on the Buss-Perry Aggression Questionnaire, which measures hostility, anger, and aggression, were associated with increased production of tumor necrosis factor (TNF)a (Suarez et al., 2002) . A positive relationship between hostility and pro-inflammatory cytokine production was likewise found in a study of male Dutch military personnel before deployment (Mommersteeg et al., 2008) and in a study of healthy middle aged adults (Marsland et al., 2008) . Studies using patients' population, receiving cytokine immunotherapy, provide further support for the link between cytokines and anger/hostility (Kraus et al., 2003; McHutchison et al., 1998) . A possible genetic basis for this relationship is suggested by a study by Petitto and colleagues who showed that cytokine production was higher in mice bred for high aggression than in mice bred for low aggression (Petitto et al., 1994) . Together, these studies show that a positive association exists between pro-inflammatory cytokines and measures of aggressive behavior in patient and nonpatient populations. It is also noteworthy that exposure to conflict in humans, and aggressive encounters or social disruption in rodents also modulate immune function (Glaser et al., 2005; Avitsur et al., 2005; Stefanski,2001) .
Studies conducted in our laboratory have focused on the role of pro-inflammatory cytokines and their receptors in the hypothalamus and midbrain periaqueductal gray (PAG) in modulating feline aggression (Zalcman and Siegel, 2006) . We recently extended these studies to identify cytokines that mediate the effects of LPS on aggression in cats. We found that LPS-induced modulation of defensive rage is mediated, in part, through peripheral TNF-a (Bhatt et al., 2009) . Immunocytochemical studies further revealed that TNF receptors were present in abundant quantities throughout defensive rage sites in the medial hypothalamus (unpublished finding). These studies suggest a role for TNF signaling in modulating aggressive behavior. Over the past decade, a number of studies have utilized TNF receptor deficient mice to study such processes as fear conditioning (Simen et al., 2006) and sickness behavior (Palin et al., 2009 ) which establishes the use of this model for the study of other related behavioral processes. Thus,to better understand the role played by TNF signaling in aggression, we sought to evaluate the effects of TNF receptor deletion on the varied components of aggressive behavior and related processes.
